INTRODUCTION
IN the early theoretical studies of population genetics (Wright, 1931) the simplest cases naturally were considered. Populations were taken to be internally and externally panmictic. That is mating was completely at random within each population and finite migration occurred at random between otherwise isolated populations. Such is, of course, an ideal situation never realised in natural populations, though examples of true internal panmixis exist in crop plants in which all the seed from a population is thoroughly mixed before sowing the next generation, and in animals such as fish in ponds, where the radius of the occupied space is much smaller than the mean distance travelled per generation.
Apart from such exceptions there will always be a correlation within populations between the proximity of individuals to each other and their genetic relationship. There will be a similar correlation between the proximity of populations to each other and their genetic relationship. And since the greater the proximity the greater the chances of mating, there will always be a certain amount of inbreeding relative to the population as a whole or the group of populations, whatever may be the size and number of the populations.
In later years (Wright, 1943 (Wright, , 1946 allowance was made for this by considering the structure of continuous populations. The symbol N, originally the size of a panmictic population, was carried forward into the new situation in a new role. It now represented the sizes of sub-populations into which a continuous population was theoretically divisible. In order to avoid implying any particular breeding behaviour these sub-populations were referred to as "neighbourhood units." The magnitude of the new N was such as to give, with random dispersion within the neighbourhood, an average gene dispersion equivalent to that obtaining in the non-panmictic continuous population.
It may be noted in passing that fixation and drift are much less dependent on the breeding behaviour itself than on the gene dispersion. Hence the introduction of the neighbourhood concept to cover everything from true panmixis to populations of self-fertilising plants where the genes are always dispersed as zygotes.
N is given by the number of individuals within a circle of radius 2a where g2 is the variance of gene dispersion within the species. Malécot 353 (i 948), dealing with the same problem, relates the variation within a continuous population directly to a2 without the introduction of the neighbourhood concept. From the key position that gene dispersion holds, its estimation under natural conditions for various organisms is clearly of importance to population genetics. Such an estimation has been made for Drosophila pseudoobscura by Dobzhansky and Wright (i1 and 1947) .
There are, however, other important parameters of continuous populations. Such are the mean degree of inbreeding and the frequency distribution of degrees of inbreeding. In dicecious organisms and self-incompatible plants the mean degree of inbreeding is adequately given by i/N, N being calculated from the gene dispersion. In organisms with varying degrees of seif-fertilisation this is not so. In the extreme case of complete self-fertilisation, inbreeding is unity whatever the value of N. Under no circumstances can the frequency distribution of degrees of inbreeding be expressed merely in terms of i /N. For this we must know not only the degree of dispersion (the variance) but the nature of the dispersion ; whether it is skew or has abnormal kurtosis (the fourth degree statistic).
In the absence of evidence to the contrary it is natural to assume that gene dispersion should follow the normal distribution curve. This assumption has been made, for example, by Wright (1943 Wright ( , 1946 and by Haldane (1948) though in no instance was normality fundamental to the argument. It is desirable, however, whenever the data make it possible, to test the nature of gene dispersion. Skewness may be expected to be frequent. It will arise whenever there is a tendency for migration in one direction ; say downwind.
The standard method for the estimation of kurtosis involves fourth degree statistics. If k2 is the second moment (variance) and k4 the fourth moment, the kurtosis of a distribution is given by the expression k4/k22-3. For a normal distribution k4/k22 = 3 and kurtosis is zero. With a platykurtic distribution in which the "shoulders" of the frequency curve have increased at the expense of the peak and tails," k4/k22<3 and kurtosis is negative. With a leptokurtic distribution peak and tails are exaggerated, k4/k22>3 and kurtosis is positive. The three kinds of kurtosis are illustrated in fig.i . Though this method of estimation of kurtosis is mathematically most directly related to the properties of normal distributions, a practical difficulty involved in its application is that k4 is extremely sensitive to incompleteness of sampling area. Values farthest from the mean make disproportionately large contributions to k4 and so with a finite sampling area there is always a possibility that there may be a loss of extreme values (a truncation of the tails of the distribution), a reduction in the ratio k4/k22 and a negative bias in the estimation of kurtosis. This is not merely a theoretical possibility. Dobzhansky and Wright (1947) found that high positive kurtosis on the first day, when the sampling area was most likely to extend beyond the limits of the distribution of the flies, steadily diminished with succeeding days, when it became almost certain that the limits of distribution exceeded the sampling area. In some cases the original positive kurtosis was thereby transformed into a negative one. An alternative, if empirical, method of studying kurtosis has now been developed (Bateman, 1947) . It is limited in application to the detection of marked kurtosis, but it is not dependent on sampling covering the complete distribution. This is the method of regression.
-n The normal distribution can be expressed empirically asy = ge-h', where x is the deviation from the mean and g and b are constants.
Logarithmically this becomes logy = a -bx2. Any normal distribution can therefore be adequately represented by the regression of logy on x2. Kurtosis will modify the regression line by increasing or decreasing the curvature (see fig. 2 ). Leptokurtosis will straighten the curve and even, if extreme, produce a concave instead of a convex curve. Such a change of curvature is equivalent to a change in the power of x from 2. If the power were i the curve would be straight,
If a distribution is leptokurtic the best fit for the regression of logy on will be given when n is significantly less than 2. 
DISPERSAL OF ANIMALS
Examples of this method applied to the flight of pollinating insects have already been given (ibid.). The regressions of logy on x and x were definitely superior to those on x2. The x regression was slightly but not significantly better than the x regression. Further data have now been obtained and can be analysed in the same way. Some refinements have been introduced. Firstly, only the projection of Log2Io is a common factor and can be ignored when weighting.
Each observed logy1 is then weighted by multiplying by the first day and diminished steadily to the sixth day. The main difference between this fly data and the above bee data is that while the latter were based on single flights, the shortest interval in the former was a whole day during which there would be numerous flights per fly. The positive kurtosis of the flies is therefore even more unexpected. The authors recognised that the diminution of kurtosis with succeeding days might be due to increasing incompleteness of sampling (discussed above). In a private communication, however, Wright has held that the main factor reducing kurtosis was the normalising effect of subsequent flights. He assumes that consecutive flights of Drosophila are uncorrelated. If that were so it would be very surprising for the distribution of flies after the first whole day's flights still to be strongly leptokurtic in spite of the normalising effect to be expected from lack of correlation between the many successive flights during that day.
The regression method has been used on the above data to see whether any further light could be thrown on the question. The frequencies were again weighted before calculating the regression, this time by dividing every frequency of mutant flies by the total number of wild type flies (the original population) at that site. This allowed for the very noticeable variation in attractiveness of the sites and gave much smoother frequency curves. Only traps near to the point of liberation gave high enough counts of mutant flies to be used in the regression method.
The results are given in table 2. The superiority of the x regression over x2 again demonstrates the leptokurtosis. This in spite of the restriction of sampling to the proximal zone. The leptokurtosis cannot therefore be due merely to long " tails " to the distribution curve, but expresses itself also in other parts of the curve. Unfortunately no single day's observations gives a significantly better x than x2 regression.
If, however, the probabilities for each day are multiplied a compound probability of ooooi is obtained. Such a compounding is not strictly justifiable unless the observations are independent of one another, which these are not, being based on a constant fly population. The very low compound probability does, however, give some confidence that the leptokurtosis is real.
The regression appears to agree with the fourth moment in showing a steady approach to normality with successive days. That is, the ratio of the remainder sums of squares for the x2 and x regressions becomes steadily less significant. There is another purely statistical explanation for this. With each succeeding day the slope of the distribution diminishes. The sum of squares which is available for any linear regression will therefore diminish, while the true error sum of squares will presumably remain about constant. The remainder sum of squares will therefore increase relative to the amount taken out by any regression and to the differences between the amounts taken out by any two regressions. Correspondingly it will be increasingly unlikely that any one linear regression should become significantly superior to any other.
In conclusion, the application of the regression method to the Drosophila observations, although confined only to the proximal part of the distribution, confirms the leptokurtosis originally found by an unrelated method. It also appears to confirm a day-to-day reduction in kurtosis, though other interpretations of the results from both methods of analysis are possible.
WIND DISPERSAL Semilogarithmic curves for pollen dispersal (Bateman, 1947) show straight or even slightly concave curves relating logy to x (therein called log P and D respectively). They are also fitted well by regression lines using powers of x equal to or less than unity. In view of the general similarity of all wind dispersal it is probable that spores would be distributed in a similarly leptokurtic way.
CROSS-POLLINATION
Cross-pollination is here used in the sense of pollination between two populations or groups of plants which are separated by distance x.
The distribution of cross-pollination in wind-pollinating species will be merely an extension of pollen dispersal and the same leptokurtosis will apply. One limitation which will rarely have an effect is that there is a maximum degree of cross-pollination vi. ioo per cent. This would at most cause a slight depression of the peak of the distribution, without affecting the tails.
The situation in insect-pollinated species is more complex. In the first place it is dependent on the flight of the pollinating insects which, as we have seen, is leptokurtic. But it can be shown (ibid.) that as with each visit the insect not only deposits pollen but replaces part of its load by pollen from the flower it is visiting, the leptokurtosis tends to increase still further. Thus if the distribution of the insect were such as to give a straight line relation between logy and x, the curve for cross-pollination at distance x from the source would be concave. This expectation was confirmed by the data obtained from experiments on cross-pollination.
THE ORIGIN OF LEPTOKURTOSIS
The following types of gene dispersion have thus been shown to be leptokurtic: automatic movement of airborne insects Wright, 1943, 1947 ; Bateman, 1947 and present paper) ; water fleas (Brownlee, 191 x) ; passive moVement of airborne organisms (Gregory, 1945; Bateman, 1947) ; dispersal of pollen by insects (Bateman, 1947) . There remain a number of important types of gene dispersion for which the necessary information is not yet available the movement of terrestrial animals and birds ; the movement of plankton; and the dispersal of seeds by explosive and other automatic mechanisms. When such a varied collection of known dispersal types has been shown to be consistently leptokurtic there is no reason to doubt that the balance would be similarly non-normal. It is possible, therefore, that gene dispersion is as a general rule, leptokurtic.
There is an apparent contradiction between such a situation and the general theory of normal distributions. Under this theory normality should result whenever a large number of uncorrelated influences are at work. The contradiction forces us to the conclusion that neither the passive nor active movement of organisms is at random. The leptokurtosis observed in the distribution of pollinating insects after single flights suggests a tendency for flights to be either short or long, though the smoothness of the curve shows that there are also all intermediate flight lengths. A possible explanation would be that some flights involved the continuation of an extremely localised forage whereas others were exploratory and ranged over a wider field.
Even if the distribution of Drosophila after one flight had been similarly leptokurtic, only a strong correlation between consecutive flights in direction, length, or both would maintain the leptokurtosis after one day's flying. Since the leptokurtosis remained in evidence for several days the correlation between flights must have remained over that period. Unless, however, the correlation were absolute there would be a day-by-day drift to a normal distribution. If we were to classify the individual flies according to their flight lengths into sedentary and wandering classes the classification would tend to become steadily more blurred with extension of time. A closely parallel classification of hive bees, varying with time, has been postulated by Butler (i) . The leptokurtosis of pollen dispersion by insects is merely an accentuation of that for the insects themselves and requires no separate consideration.
The explanation of the leptokurtosis produced by wind dispersal is to be found in a theoretical discussion of the subject in which the problem is treated as an example in aerodynamics (Gregory, 1945) and is discussed in terms of atmospheric turbulence or eddy diffusion.
Gregory's general formula has been expressed in simpler term& (Bateman, 1947) as
Where y is the number of particles deposited per unit area, x is the distance from the source, g and e are empirical constants and m is the turbulence factor, varying between the limits of i and I 76.
The power of x to which e is raised, i -tm, therefore varies between the limits of o 38 and o I2 respectively compared with 2 in a normal distribution. The leptokurtosis produced by the lower power of x in the numerator is still further enhanced by the presence of x in the denominator. All gene dispersion depending on wind could therefore be expected to be highly leptokurtic. Such a dispersion would be characteristic of fungal spores, passively borne insects, pollen grains and wind-borne seeds, amounting in all to a large cross-section of all forms of gene dispersal.
It remains to be seen what genetic effects, if any, leptokurtic gene distribution would have. Such effects would probably arise out of the fact that, compared with a normal distribution having the same standard deviation (same overall degree of inbreeding), leptokurtosis produces more breeding between close relatives and simultaneously more breeding between distant relatives.
It is also possible that the "migration" considered by Wright as a category distinct from dispersal within the neighbourhood unit would provc to be adequately expressed as the tails of the leptokurtic distribution and therefore a part of the same gene dispersal system.
SUMMARY
A number of different forms of gene dispersal the foraging of bees ; the flight of Drosophila over several days ; the dispersal of spores or pollen by wind ; cross-pollination by bees, are all shown to give leptokurtic distributions. That is, they differ from normal distributions in having higher proportions of short and long range, as compared with medium dispersal. The implication is that many if not most methods of gene dispersal produce such distributions.
